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Abstract
C-reactive protein (CRP) has been studied extensively for association with a large number of non-infectious diseases and 
outcomes. We aimed to evaluate the breadth and validity of associations between CRP and non-infectious, chronic health 
outcomes and biomarkers. We conducted an umbrella review of systematic reviews and meta-analyses and a systematic 
review of Mendelian randomization (MR) studies. PubMed, Scopus, and Cochrane Database of Systematic Reviews were 
systematically searched from inception up to March 2019. Meta-analyses of observational studies and MR studies examin-
ing associations between CRP and health outcomes were identified, excluding studies on the diagnostic value of CRP for 
infections. We found 113 meta-analytic comparisons of observational studies and 196 MR analyses, covering a wide range 
of outcomes. The overwhelming majority of the meta-analyses of observational studies reported a nominally statistically 
significant result (95/113, 84.1%); however, the majority of the meta-analyses displayed substantial heterogeneity (47.8%), 
small study effects (39.8%) or excess significance (41.6%). Only two outcomes, cardiovascular mortality and venous throm-
boembolism, showed convincing evidence of association with CRP levels. When examining the MR literature, we found 
MR studies for 53/113 outcomes examined in the observational study meta-analyses but substantial support for a causal 
association with CRP was not observed for any phenotype. Despite the striking amount of research on CRP, convincing 
evidence for associations and causal effects is remarkably limited.
Keywords Umbrella review · Meta-analysis · Systematic review · C-reactive protein · CRP · Mendelian randomization · 
Bias
Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s1065 4-020-00681 -w) contains 
supplementary material, which is available to authorized users.
 * Ioanna Tzoulaki 
 i.tzoulaki@imperial.ac.uk
1 Department of Hygiene and Epidemiology, University 
of Ioannina Medical School, 45110 Ioannina, Greece
2 Department of Neurobiology, Harvard Medical School, 
Boston, MA, USA
3 BBS Program, Harvard Medical School, 220 Longwood 
Avenue, Boston, MA 02115, USA
4 Department of Biostatistics, University of Liverpool, 
Liverpool, UK
5 Department of Epidemiology and Biostatistics, School 
of Public Health, Imperial College London, London, UK
6 Centre for Global Health, Usher Institute, University 
of Edinburgh, Edinburgh, UK
7 Edinburgh Cancer Research Centre, Institute of Genetics 
and Molecular Medicine, University of Edinburgh, 
Edinburgh, UK
8 Department of Medicine, Stanford Prevention Research 
Center, Stanford University School of Medicine, Stanford, 
CA 94305, USA
9 Department of Health Research and Policy, Stanford 
University School of Medicine, Stanford, CA 94305, USA
10 Department of Biomedical Data Sciences, Stanford 
University School of Medicine, Stanford, CA 94305, USA
11 Department of Statistics, Stanford University School 
of Humanities and Sciences, Stanford, CA 94305, USA
12 Meta-Research Innovation Center at Stanford (METRICS), 
Stanford, CA 94305, USA
 G. Markozannes et al.
1 3
Introduction
C-reactive protein (CRP) is one of the most widely used 
biomarkers in clinical practice. First identified in 1930 [1], 
this acute phase reactant was initially used as a biomarker for 
infection [2]. The advent of high-sensitivity CRP measure-
ment in the 1990s, alongside experimental and clinical evi-
dence suggesting a potential role of inflammation in cardio-
vascular disease a few years later [3, 4], increased research 
interest in CRP. It has since been examined as a potential 
risk factor for an ever-expanding list of diseases including 
different cardiovascular outcomes, cancers, metabolic and 
skeletal diseases and autoimmune diseases [5–9]. Today, 
despite intensive research efforts, the role of CRP in the 
etiology of common diseases remains unclear.
Umbrella review is a systematic overview of systematic 
reviews and meta-analyses that assesses the evidence from 
the current literature in a field of research [10]. We aimed 
to systematically summarize and evaluate the breadth and 
validity of associations between CRP and health outcomes 
using the umbrella review methodology. We summarized 
meta-analyses of observational studies, examined the extent 
of phenotypic associations with CRP, and evaluated the 
strength of associations and bias in these identified associa-
tions. At the same time, we performed a systematic review 
of Mendelian randomization (MR) studies considering CRP 
levels as the exposure, to assess the evidence for causality 
stemming from this literature.
Methods
Data sources and searches of observational studies
We systematically searched PubMed, Scopus, and Cochrane 
Database of Systematic Reviews, from inception to 31 March 
2019, for meta-analyses of observational studies examining 
the association of CRP with any health outcome (see search 
algorithms in Additional file 1: Appendix Table 1). All iden-
tified publications went through a three-step parallel review 
of title, abstract, and full text (performed by CK, GMa, SC, 
NK) based on predefined inclusion and exclusion criteria.
Study selection and data extraction 
of observational studies
We included systematic reviews and meta-analyses of 
observational studies that examined associations between 
CRP levels and health outcomes that had identified at least 
three studies per outcome examined, keeping only articles 
that were full publications and in the English language. We 
excluded studies without systematic literature searches (for 
meta-analyses of observational studies), without quantitative 
synthesis of effect sizes, and studies where CRP concentra-
tions were the outcome. Also, due to the well-known role of 
CRP in infectious disease diagnosis, articles which investi-
gated infections as the outcome of interest were excluded. 
We also excluded meta-analyses using only cross-sectional 
assessments, meta-analyses of only crude (unadjusted) esti-
mates, and associations reported as correlation coefficients. 
Where more than one article with overlapping outcomes was 
retrieved, the article with the meta-analysis of only prospec-
tive studies, the most comprehensive meta-analysis (the one 
including the largest number of studies), or the more recently 
published one was included in the final analysis (in order of 
preference).
Three independent investigators (CK, GMa and SC) 
extracted the data, which were checked by a second inves-
tigator (IT, ET) and in case of discrepancies consensus was 
reached. From each eligible meta-analysis, we extracted 
information on the first author, journal and year of pub-
lication, examined risk factors and the number of studies 
considered, type of metric reported (hazard ratio, risk ratio, 
odds ratio [OR], in order of preference), maximally adjusted 
effect sizes and 95% confidence intervals (CIs), number of 
total studies included, design of the original studies, unit 
of comparison, number of cases and population. When the 
number of cases or controls for individual studies was not 
reported, we abstracted them from the original studies when 
possible. When CRP was examined in more than one level of 
comparison (e.g. as a continuous biomarker and by tertiles), 
we extracted the data for the comparison having the largest 
number of component studies.
Data synthesis and analysis of meta‑analyses 
of observational studies
For meta-analyses of observational studies, we estimated the 
summary effects obtained from the random-effects method 
[11, 12] for which we also estimated the 95% prediction 
intervals to indicate the possible interval that could include 
the effect size of a new study examining the same associa-
tion and describe the uncertainty of the summary effect size 
[13]. The heterogeneity between studies was assessed using 
the  I2 metric, which has a range between 0 and 100%. It is 
calculated as the ratio of the variance between-studies over 
the sum of the variances between and within studies [14]. 
Values exceeding 50% or 75% are considered to represent 
large or very large heterogeneity, respectively. Small study 
effects were assessed with the use of the Egger’s regression 
asymmetry test [15]. A P ≤ 0.10 combined with a more con-
servative effect in the largest study than in random-effects 
meta-analysis was judged to provide evidence for small-
study effects.
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We further applied the excess statistical significance 
test, which evaluates whether there is a relative excess of 
formally significant findings in the published literature due 
to any reason (e.g., publication bias, selective reporting of 
outcomes or analyses) [16]. It is a Chi square-based test 
that assesses whether the observed number of studies with 
nominally significant results is larger than their expected 
number. We used the effect size of the largest study (smallest 
standard error) in each meta-analysis to calculate the power 
of each study using a non-central t distribution. Excess sta-
tistical significance was claimed at two-sided P ≤ 0.10 with 
observed > expected as previously proposed [16, 17].
Quality assessment and evidence grading 
of observational studies
We classified the evidence of the associations that had 
P < 0.05 as strong, highly suggestive, suggestive, and weak 
based on a set of previously used criteria whose rationale 
has been described elsewhere in detail [10, 18–20]. In brief, 
these criteria try to consider the level of statistical signifi-
cance, amount of evidence, consistency, and lack of signals 
of bias. Thus, we classified as strong evidence those associa-
tions that had significance P < 1×10−6 based on the random 
effects model, more than 1000 cases, the  I2 metric was less 
than 50%, there was no evidence of small study effects, the 
prediction interval did not include the null value, and there 
was no evidence for excess significance bias. Associations 
were classified as highly suggestive when P < 1×10−6 based 
on the random-effects model, more than 1000 cases, and the 
P value of the largest study in the meta-analysis was < 0.05. 
The associations with P < 0.001, and more than 1000 cases 
were considered as suggestive. Finally, associations were 
considered as weak when P < 0.05 on the random effects 
model.
Some meta-analyses used estimates from studies with 
different study designs. Due to the inherent limitations of 
cross-sectional and case–control studies to examine temporal 
associations, we performed a sensitivity analysis by exclud-
ing cross-sectional and case–control studies.
Finally, for each association in the strong and highly sug-
gestive category, we reassessed the evidence after examin-
ing each meta-analysis in depth by assessing the eligibility 
of the included studies as well as verifying the data used in 
the meta-analysis using AMSTAR (A MeaSurement Tool to 
Assess systematic Reviews) [21].
Data sources and searches, study selection and data 
extraction of Mendelian randomization studies
We used the search algorithm (See Additional file 1: Appen-
dix Table 1) to identify MR studies evaluating potential 
causal association between CRP levels and health outcomes, 
excluding infections. The titles, abstracts, and full texts of 
the resulting papers were examined in detail by two authors 
(GMa and IT), and discrepancies were resolved by consen-
sus. From each eligible MR study, two authors (GMo and 
GMa) extracted data in relation to first author, journal and 
year of publication, the study cohort/s, sample size, num-
ber of cases (as applicable), type of data used (individual 
participant or summary level), the instrumental variables 
(single-nucleotide polymorphisms [SNPs]), the instrument 
selection approach, population ancestry, SNP exclusion cri-
teria,  % variance explained by the instruments, the outcome 
phenotypes, the MR effect estimate and the corresponding 
CIs. When we observed a nominally significant association 
(P < 0.05) in the main MR analysis, we further extracted and 
evaluated all information on sensitivity MR analyses.
Evidence grading of Mendelian randomization 
studies
We stratified MR analyses into those using instrumental 
variables which included only variants located in the CRP 
gene and those using instrumental variables with SNPs that 
were significantly associated with CRP levels from through-
out the genome (i.e., not restricted to the CRP gene). The 
latter approach for selecting instruments is more likely to 
incorporate invalid instruments that have pleiotropic effects 
[22]. Indeed, a genome-wide association study (GWAS) of 
CRP has revealed a large number of genetic variants, which 
were not specific to CRP, but influence other inflammatory 
cytokines including interleukin-6 receptor (IL-6R) and inter-
leukin 1 family member 10 (ILF10) [23]. For MR analyses 
restricted to variants located in the CRP gene, we consid-
ered MR evidence as ‘potentially supportive’ when the main 
analysis reported a P < 0.01 [20] and there was consistent 
evidence from sensitivity analyses; ‘limited/inconsistent evi-
dence’ when there was 0.01 < P < 0.05 or P < 0.01 without 
further support from sensitivity analysis, and ‘not present’ 
when P > 0.05. For MR analyses with variants throughout 
the genome for CRP, we considered as ‘limited/inconsistent 
evidence’ when there was P < 0.05 and further support from 
sensitivity analysis, and ‘not present’ otherwise.
Results
CRP levels and health outcomes reported 
in meta‑analyses of observational studies
Our literature search yielded 4100 eligible articles. Fol-
lowing title review, 863 articles were considered eligible 
(Fig. 1), and after abstract screening, 552 articles were 
potentially eligible for full text review. Finally, 55 studies 
[5, 24–77] including 113 comparisons of different outcomes 
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were included in the umbrella review of observational 
studies, consisting of 952 primary estimates. To facilitate 
interpretation, the different outcomes were classified into 
the following groups: cancer-related (52 outcomes), car-
diovascular-related (31 outcomes), kidney-related (7 out-
comes), skeletal (6 outcomes), neurological (3 outcomes), 
pregnancy-related (2 outcomes), respiratory-related (2 out-
comes), and other (10 outcomes).
The majority of the primary studies were cohorts 
(N = 823; 86.5%, of which 497 were prospective, 264 retro-
spective, and 62 of unclear design), followed by case–control 
studies (N = 115; 12.1%). Other study designs consisted of 
Fig. 1  Flowchart of study selection for a umbrella review and b Mendelian Randomization review
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cross-sectional studies (N = 6; 0.6%), case-cohorts (N = 7; 
0.7%), and one case-crossover study (0.1%).
Ninety-five out of 113 associations (84.1%) presented 
a statistically significant effect at P < 0.05 under the ran-
dom-effects model, 67 remained significant at P < 0.001, 
whereas 34 associations had a statistically significant effect 
at P < 1×10−6 (Table 1). However, only 24 (21.2%) associa-
tions had a 95% prediction interval that excluded the null. 
The largest study was statistically significant in 71 of the 
113 comparisons (62.8%) and was more conservative than 
the meta-analysis estimate in 87 of 113 comparisons (77%) 
(Table 1). Twenty-three associations (20.4%) presented 
very large between-study heterogeneity  (I2 > 75%), and 
31 (27.4%) associations had large heterogeneity estimates 
 (I2 > 50% and  I2 < 75%). In 45 (39.8%) of the 113 associa-
tions the Egger’s test was statistically significant (P < 0.1) 
and the random effects estimate was inflated compared to 
the largest study (Table 1). Forty-seven associations (41.6%) 
showed evidence of excess significance, meaning that the 
number of observed studies with statistically significant 
results exceeded the number of expected ones (Table 1).
Assessment of epidemiological credibility
Of the 113 associations, only two cardiovascular outcomes 
(cardiovascular mortality and venous thromboembolism) 
fulfilled the necessary criteria to be categorized in the 
strong level of evidence (Table 1). Ten (8.9%) associations 
were supported by highly suggestive evidence, 6 of which 
were on cardiometabolic outcomes. The highly suggestive 
associations were all-cause mortality in general population, 
all-cause mortality in patients with chronic kidney disease, 
long-term mortality in chronic obstructive pulmonary dis-
ease (COPD) patients, long-term mortality or CVD in acute 
coronary syndrome (ACS)/unstable coronary heart disease 
(CHD)/angina patients, mortality or CVD in stable coronary 
artery disease (CAD) patients, CHD in general population, 
overall survival in hepatocellular carcinoma patients, Bath 
Ankylosing Spondylitis Disease Activity Index-50 (BAS-
DAI50) in ankylosing spondylitis patients, ovarian cancer in 
general population, and type 2 diabetes in general popula-
tion. There were 16 comparisons that were categorized in 
the suggestive level of evidence and 67 in the weak level. 
Finally, 18 comparisons did not present a statistically sig-
nificant association. When we excluded the case–control 
or cross-sectional studies, only seven comparisons were 
affected. Only six of those comparisons had at least 3 
remaining studies in order to be re-evaluated and for all six 
the evidence categorization remained the same (Additional 
file 1: Appendix Table 2).
When we assessed the meta-analyses in either the strong 
or the highly suggestive evidence category, we observed that 
the majority of the meta-analysis papers were on moderate 
study quality (9 of the 11 papers) based on an AMSTAR 
score between 4 and 7, and only one had a score of 8. Finally, 
one study [41] was a pooled analysis and therefore it could 
not be evaluated based on the AMSTAR tool (Additional 
file 1: Appendix Table 3).
CRP levels and health outcomes reported 
in Mendelian randomization studies
A total of 196 primary MR analyses were identified from 37 
studies [79–115] covering 82 distinct phenotypes (Table 2 
and Additional file 1: Appendix Tables 4, 5). The majority 
of associations were investigated through two-sample MR 
methodologies (130 out of 196; 66%). The median number 
of participants included in MR studies was 26 405 (range 
134 to 184 305). The most frequently examined phenotypes 
included cardiovascular diseases (coronary heart disease and 
stroke) (n = 19; 9.7%), type 2 diabetes (n = 8; 4.1%), schizo-
phrenia (n = 8; 4.1%), and body mass index (BMI) (n = 6; 
3.1%). Eighty-four MR analyses (60 unique outcomes, 
Table 2) used instrument variants at the CRP gene locus, 
and 112 used instruments from throughout the genome The 
SNPs used as instruments varied vastly among studies. The 
four most commonly used SNPs among the 196 MR associa-
tions were rs1130864 (n = 78; 39.8% of the comparisons), 
rs1205 (n = 74; 37.8%), rs2794520 (n = 74; 37.8%), and 
rs3093077 (n = 65; 33.2%); all these variants fall within or 
close the CRP gene region.
Overall, 12 distinct phenotypes presented significant 
associations at a P < 0.01, of which four (Crohn’s disease, 
ischemic heart disease, systolic and diastolic blood pres-
sure) presented significant associations (P < 0.01) when the 
instruments were restricted to CRP gene locus (Appendix 
Tables 4 and 5). However, independent MR analyses did not 
show consistent evidence for Crohn’s disease and ischemic 
heart disease, and none of the aforementioned phenotypes 
had support from sensitivity analyses.
Nine phenotypes presented significant (P < 0.01) causal 
effect estimates when instruments from throughout the 
genome were considered and of those, only schizophrenia 
and bipolar disorder presented consistent evidence in sen-
sitivity analyses and in analysis restricted to SNPs within 
CRP locus, but only at P < 0.05. Nonetheless, the result 
on bipolar disorder [113] was not confirmed by an earlier 
study [107] where MR using only CRP gene SNPs did not 
reach statistical significance at P < 0.05. Schizophrenia had 
evidence from independent studies and sensitivity analysis 
(weighted median and inverse variant weighted estimate), 
but this was not supported by MR Egger analysis and the 
sensitivity analysis using only CRP gene SNPs (P = 0.04).
Overall, only 14 outcomes had evidence available from 
both MR analyses and meta-analyses of observational 
studies (Table 3). The evidence between the observational 
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studies and MR analyses was concordant for three out-
comes where both meta-analyses of observational studies 
and MR analyses were not statistically significant (P ≥ 0.05). 
The remaining studies showed various degree of evidence 
(weak, suggestive, highly suggestive) with meta-analyses of 
observational studies and no evidence or limited inconsistent 
evidence from MR. Finally, MR did not support causality for 
venous thromboembolism whose evidence was graded as 
strong in the observational meta-analysis evidence.
Conclusions
Our umbrella review showed an impressive body of litera-
ture on CRP including 113 comparisons from 55 studies for 
separate phenotypes and 196 MR analyses to assess causality 
of epidemiologic associations. Only 14 phenotypes had evi-
dence from meta-analysis of observational studies and MR 
analyses. Most summary meta-analytic estimates of obser-
vational studies yielded nominally statistically significant 
results for a direct association between CRP and different 
phenotypes. Nonetheless, only two of these associations had 
strong results with no suggestions of biases (cardiovascular 
mortality and venous thromboembolism in general popula-
tion) and none of these had supporting evidence of a causal 
role for CRP in MR investigations.
Low-grade inflammation has been suggested to be 
involved in many chronic diseases, which may explain the 
breadth and depth of phenotypes examined in relation to 
CRP, a general marker of inflammation that can be inexpen-
sively measured in epidemiological and clinical settings. A 
search of “C-reactive protein or CRP” yields 74,622 items 
as of March 05, 2019, and the vast number of meta-analy-
ses that we identified are efforts to summarize this huge, 
expanding literature.
A large proportion of studies examined CRP as a prognos-
tic marker of cancer incidence but also of cancer survival. 
Out of those 52 comparisons, there was highly suggestive 
evidence for only two associations (ovarian cancer incidence 
and overall survival in hepatocellular carcinoma). The evi-
dence from the remaining literature was classified as sugges-
tive or weak. MR efforts, including one on lung cancer, did 
not highlight any evidence of causality either, although their 
sample sizes were modest for less common cancers. Chronic 
inflammation may still be linked to cancer development and 
progression, as other lines of evidence suggest a higher risk 
of cancer amongst individuals with inflammatory conditions 
(e.g., inflammatory bowel diseases and risk of colon cancer), 
or higher risk of cancer in relation to infections (e.g. human 
papillomaviruses and cervix cancer) [115–119]. However, 
CRP, as a general marker of inflammation, is unlikely to 
capture the specific inflammatory mediating pathways link-
ing inflammation to cancer development and progression.Ta
bl
e 
2 
 (c
on
tin
ue
d)
Re
fer
en
ce
Ph
en
ot
yp
e
N 
ca
se
s
To
tal
 N
SN
Ps
 us
ed
 in
 th
e G
RS
 
in
str
um
en
t
Le
ve
l o
f e
xp
os
ur
e
M
etr
ic
Ca
us
al 
eff
ec
t  e
sti
m
ate
b
Pc
M
R 
m
eth
od
Za
ch
o e
t a
l. 
[9
2, 
93
]
Ve
no
us
 T
hr
om
bo
em
-
bo
lis
m
13
70
46
47
0
rs3
09
12
44
, r
s1
13
08
64
, 
rs1
20
5, 
rs3
09
30
77
Pe
r d
ou
bl
in
g o
f C
RP
OR
0.8
0 (
0.5
6, 
1.1
2)
NR
1S
M
R,
 IP
D,
 G
LS
R
Ti
m
ps
on
 et
 al
. [
80
]
W
ais
t-t
o-
hi
p r
ati
o
NA
32
06
rs2
79
45
21
, r
s1
80
09
47
, 
rs1
13
08
64
, r
s1
20
5
Pe
r d
ou
bl
in
g o
f C
RP
M
D
0.0
05
 (−
 0.
00
7, 
0.0
16
)
NR
1S
M
R,
 IP
D,
 IV
 re
gr
es
-
sio
n
W
iu
m
-A
nd
er
se
n e
t a
l. 
[1
01
, 1
02
]
W
an
tin
g t
o g
ive
 up
48
46
75
69
4
rs3
09
12
44
, r
s1
13
08
64
, 
rs1
20
5, 
rs3
09
30
77
Pe
r d
ou
bl
in
g o
f C
RP
OR
1.0
2 (
0.8
3, 
1.2
6)
NR
1S
M
R,
 IP
D,
 IV
 re
gr
es
-
sio
n
1S
M
R 
on
e-
sa
m
pl
e M
en
de
lia
n 
ra
nd
om
iza
tio
n;
 2
SM
R 
tw
o-
sa
m
pl
e M
en
de
lia
n 
ra
nd
om
iza
tio
n;
 B
M
I b
od
y 
m
as
s i
nd
ex
; C
AD
 C
or
on
ar
y 
ar
ter
y 
di
se
as
e; 
CO
PD
 ch
ro
ni
c o
bs
tru
cti
ve
 p
ul
m
on
ar
y 
di
se
as
e; 
C
RP
 c-
re
ac
tiv
e p
ro
tei
n;
 D
BP
 d
ias
to
lic
 b
lo
od
 p
re
ss
ur
e; 
FE
F 
fo
rc
ed
 ex
pi
ra
to
ry
 fl
ow
; F
EV
1 
Fo
rc
ed
 ex
pi
ra
to
ry
 v
ol
um
e i
n 
1 
s; 
FV
C
 F
or
ce
d 
vi
tal
 ca
pa
cit
y;
 G
LS
R 
Ge
ne
ra
liz
ed
 le
as
t s
qu
ar
es
 re
gr
es
-
sio
n;
 G
M
R 
Ge
om
etr
ic 
M
ea
ns
 R
ati
o;
 H
D
L 
hi
gh
 d
en
sit
y 
lip
op
ro
tei
n;
 H
O
M
A-
IR
 H
om
eo
sta
tic
 M
od
el 
As
se
ss
m
en
t f
or
 In
su
lin
 R
es
ist
an
ce
; H
R 
Ha
za
rd
 ra
tio
; I
BD
 ir
rit
ab
le 
bo
we
l s
yn
dr
om
e; 
IP
D
 in
di
-
vi
du
al 
pa
rti
cip
an
t d
ata
; I
V 
In
str
um
en
tal
 va
ria
bl
e; 
IV
W
 In
ve
rse
 va
ria
nc
e w
eig
ht
ed
; M
D
 m
ea
n d
iff
er
en
ce
; M
I M
yo
ca
rd
ial
 in
far
cti
on
; N
R 
no
t r
ep
or
ted
; O
R 
od
ds
 ra
tio
; P
SD
 pu
bl
ish
ed
 su
m
m
ar
y d
ata
; 
RR
 R
ela
tiv
e r
isk
; S
BP
 sy
sto
lic
 bl
oo
d p
re
ss
ur
e; 
SN
P 
sin
gl
e n
uc
leo
tid
e p
ol
ym
or
ph
ism
a  F
ul
l l
ist
 of
 M
en
de
lia
n r
an
do
m
iza
tio
n s
tu
di
es
 in
 A
dd
iti
on
al 
fil
e
b  C
au
sa
l e
ffe
ct 
es
tim
ate
 of
 al
l v
ar
ian
ts 
co
m
bi
ne
d
c  C
au
sa
l e
ffe
ct 
P-
va
lu
e
 G. Markozannes et al.
1 3
CRP and cardiovascular diseases have been subject to an 
increasing body of research and debate. Our review found 
that the associations of CRP with cardiovascular mortal-
ity and venous thromboembolism were supported by strong 
evidence. Furthermore, we found highly suggestive evidence 
between higher CRP and risk of CHD, type 2 diabetes and 
mortality or CVD on stable CAD patients and on unstable 
CHD/ACS/angina patients. Nonetheless, MR studies have 
repeatedly failed to provide evidence for causal association 
with CHD; an observation further supported from rand-
omized controlled trials [120]. The observational literature 
of CRP is likely to suffer from diverse biases and the effect 
size of the associations may be inflated [121, 122]. Beyond 
causality, even efforts to show that CRP could at least be 
used in risk prediction have also not demonstrated convinc-
ing results [123, 124]. Accordingly, the relative risks that we 
noted for cardiovascular mortality (2.05, in fact just 1.49 in 
the largest study) and venous thromboembolism (only 1.14) 
do not suggest a substantial predictive potential. The role of 
inflammation in atherosclerotic plaque initiation, progres-
sion and rupture has been supported by various other lines 
of evidence [125], but this may not necessarily prove that 
CRP should have clinical utility.
COPD is associated with an abnormal inflammatory 
response beyond the lungs with evidence of low-grade 
systemic inflammation which causes systemic manifesta-
tions such as weight loss, skeletal muscle dysfunction, an 
increased risk of cardiovascular disease, osteoporosis and 
depression [125–128]. We found highly suggestive evidence 
that CRP is associated with late (but not with early) mortal-
ity in COPD patients. However, MR studies did not support 
a causal association. CRP might be elevated in COPD 
patients due to reverse causality as the disease is associated 
with triggering an inflammatory response. Reverse causality 
is likely to explain other associations such as mortality in 
patients with chronic kidney disease or overall survival in 
hepatocellular carcinoma patients. In these instances CRP 
could serve as a predictive factor for disease severity, but 
studies assessing its value over and above validated exist-
ing risk prediction algorithms are essential to support any 
prediction claim [123].
Some particular mention needs to be made on schizo-
phrenia, where, among the tentative MR findings described 
in this review we found several studies of CRP and schizo-
phrenia onset. Yet, there is a distinctive lack of observa-
tional data on this association, and those that exist [129, 
130], mainly focus on the reverse pathway of the associa-
tion (how schizophrenia affects CPR levels) than what is the 
focus of this review.
In our MR review we found multiple studies and sensitiv-
ity analyses show evidence for causal effect, but with very 
modest P-values, when only CPR SNPs were used in the 
genetic instruments. One recent analysis (published after the 
search date of our review [131]) found even lower P-values 
with inverse variance weights and generalized summary MR 
modeling. The putative causal association with schizophre-
nia is even more interesting because it suggests a protective 
effect of CRP on schizophrenia, while observational data 
had suggested an association of CRP with higher schizo-
phrenia risk [130].
Overall, the overwhelming majority of the meta-analyses 
of observational studies reported a nominally statistically 
Table 3  Comparison of evidence from observational studies meta-analysis and Mendelian randomization (MR) studies taking into account both 
CRP gene-only and genome-wide significant instruments
Population (observational) Outcome (observational) Grade (observational) Outcome (MR) Grade (MR)
General population Venous thromboembolism Strong Venous Thromboembolism No evidence
General population All-cause mortality Highly suggestive All-cause mortality No evidence
General population Coronary Heart Disease Highly suggestive Coronary Heart Disease No evidence
General population Type 2 diabetes Highly suggestive Type 2 diabetes Limited/inconsistent evidence
General population Hypertension Suggestive Hypertension No evidence
General population Ischemic stroke Suggestive Ischemic stroke (all types) No evidence
AF patients Atrial fibrillation (recur-
rence)
Weak Atrial fibrillation No evidence
General population Alzheimer’s disease Weak Alzheimer’s disease Limited/inconsistent evidence
General population 
(women)
Breast cancer Weak Breast cancer No evidence
General population Colon cancer Weak Colon cancer No evidence
General population Colorectal cancer Weak Colorectal cancer Limited/inconsistent evidence
Vascular surgery patients Non-fatal Myocardial 
Infarction
No evidence Non-fatal Myocardial 
Infarction
Limited/inconsistent evidence
General population (men) Prostate cancer No evidence Prostate cancer No evidence
General population Rectal cancer No evidence Rectal cancer No evidence
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significant result (84%) in contrast to MR studies where only 
37 of the 196 (19%) analyses presented nominally statisti-
cally significant results. These two study designs may be 
subject to different biases in the biomedical field. A large 
proportion (48.2%) of the examined observational meta-
analyses displayed substantial heterogeneity  (I2 > 50%), 
small study effects (39.5%), and excess significance bias 
(41.2%), which, in addition to the small effect estimates 
increase the probability of false-positive findings. MR 
approaches use genetic variants as instrumental variables 
to establish whether an exposure is causally related to a dis-
ease or trait. The genetic variants are unrelated to confound-
ing factors, and therefore, this approach is not as prone to 
confounding and reverse causation bias. At the same time, 
genetic association estimates in MR represent the average 
lifetime association of the variants with the outcome for all 
those in the considered population, and are therefore less 
vulnerable to measurement error [132]. Nonetheless, MR 
also shares some of the limitations of observational epi-
demiology literature including small sample sizes, instru-
ment bias and low power, and poor reporting has further 
additional limitations [22]. For example, we observed that 
at least half of the MR studies on CRP used instruments 
derived from genome-wide association studies including 
genetic variants on genes of other inflammatory cytokines 
such as IL-6. These approaches may introduce potential plei-
otropy and can thus bias MR estimates. There are several 
methodologies to account for the violation of the pleiotropy 
assumption of MR, but these cannot always identify pleio-
tropic effects, and therefore, can only partly disentangle the 
complex pleiotropy previously shown between CRP and 
lipid and metabolic pathways [133].
Limitations of our approach need to be acknowledged. 
Our review focused on existing meta-analyses, and there-
fore, outcomes that were not assessed in a meta-analysis 
are not included in this review. Furthermore, we did not 
appraise the quality of the individual studies but the quality 
of the actual meta-analyses. We refer interested readers to 
the quality assessments already made by the authors of each 
original meta-analysis and we did not wish to change the 
eligibility criteria based on quality since this would add our 
own subjective in study selection. We did not include evi-
dence from randomised control trial meta-analyses as these 
examine a wide range of anti-inflammatory treatments which 
are not specific to CRP lowering effects. Statistical tests for 
small-study effects and excess significance bias should also 
be interpreted with caution in case of large between-study 
heterogeneity and both tests have limited power in the pres-
ence of few studies or sparse studies with significant results. 
Finally, we adopted credibility assessment criteria, which 
were based on established tools for observational evidence; 
however, none of the components of these criteria provides 
firm proof of credibility of evidence, but they cumulatively 
describe the possibility that the results are susceptible to 
bias and uncertainty.
In this extensive systematic review of meta-analyses of 
observational studies on CRP and disease outcomes and of 
the evidence stemming from MR studies, we could not find 
strong evidence supported by both study designs in rela-
tion to CRP and the most frequently studied non-infection 
phenotypes in the literature. Observational studies presented 
robust evidence of association between higher CRP levels 
and cardiovascular mortality and venous thromboembolism, 
but without causality support from MR studies. Following 
claims that CRP maybe be a novel CVD risk factor [134], it 
has been extensively studied in relation to an ever-increas-
ing list of phenotypes and diseases, but it does not seem 
to be crucially relevant to any of them. Despite intensive 
research efforts, our study shows that there is little evidence 
that CRP may constitute a priority interventional target for 
any diseases.
Authors’ contributions IT had full access to all the data in the study 
and takes responsibility for the integrity of the data and the accuracy 
of the data analysis. IT had the original idea for the manuscript and 
all authors contributed to design the study. CK, GM performed the 
analyses and all authors interpreted the results. CK, GM and IT wrote 
the first draft of the manuscript and all authors commented on previous 
versions of the manuscript. All authors critically reviewed, wrote and 
approved the final version.
Funding ET is supported by a CRUK Career Development Fellowship 
(C31250/A22804). DG is funded by the Wellcome Trust.
Compliance with ethical standards 
Conflict of interest The authors declare that they have no conflict of 
interest.
Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.
References
 1. Tillet WS, Francis T. Serological reactions in pneumonia with 
a nonprotein somatic fraction of pneumococcus. J Exp Med. 
1930;52:561–71.
 2. DuClos TW. Pentraxins: structure, function and role in 
inflammation. ISRN Inflamm. 2013;2013:1-22. https ://doi.
org/10.1155/2013/37904 0. 
 G. Markozannes et al.
1 3
 3. Pepys MB, Hirschfield GM. C-reactive protein: a critical update. 
J Clin Invest. 2003;111:1805–12.
 4. Ridker PM. C-reactive protein, potential adjunct for global risk 
assessment in the primary prevention of cardiovascular disease. 
Circulation. 2001;103:1813–8.
 5. Wang X, Bao W, Liu J, et al. Inflammatory markers and risk of 
type 2 diabetes: a systematic review and meta-analysis. Diabetes 
Care. 2013;36(1):166–75. https ://doi.org/10.2337/dc12-0702.
 6. Henriksen M, Jahnsen J, Lygren I, et al. C-reactive protein: a pre-
dictive factor and marker of inflammation in inflammatory bowel 
disease. Results from a prospective population-based study. Gut. 
2008;57(11):1518–23. https ://doi.org/10.1136/gut.2007.14635 7.
 7. Rhodes B, Merriman ME, Harrison A, et al. A genetic asso-
ciation study of serum acute-phase C-reactive protein levels in 
rheumatoid arthritis: implications for clinical interpretation. 
PLoS Med. 2010;7(9):e1000341. https ://doi.org/10.1371/journ 
al.pmed.10003 41.
 8. Ridker PM. High-sensitivity C-reactive protein as a predictor of 
all-cause mortality: implications for research and patient care. 
Clin Chem. 2008;54(2):234–7. https ://doi.org/10.1373/clinc 
hem.2007.09946 5.
 9. Chan DS, Bandera EV, Greenwood DC, Norat T. Circulating 
C-reactive protein and breast cancer risk-systematic literature 
review and meta-analysis of prospective cohort studies. Cancer 
Epidemiol Biomark Prev. 2015;24(10):1439–49. https ://doi.
org/10.1158/1055-9965.epi-15-0324.
 10. Theodoratou E, Tzoulaki I, Zgaga L, Ioannidis JP. Vitamin D and 
multiple health outcomes: umbrella review of systematic reviews 
and meta-analyses of observational studies and randomised tri-
als. BMJ (Clinical research ed.). 2014;348:g2035. https ://doi.
org/10.1136/bmj.g2035 .
 11. Lau J, Ioannidis JPA, Schmid CH. Quantitative synthesis in sys-
tematic reviews. Ann Intern Med. 1997;127:820–6.
 12. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control 
Clin Trials. 1986;7:177–88.
 13. Riley RD, Higgins JP, Deeks JJ. Interpretation of random effects 
meta-analyses. BMJ (Clinical research ed.). 2011;342:d549.
 14. Ioannidis JPA, Patsopoulos NA, Evangelou E. Uncertainty in 
heterogeneity estimates in meta-analyses. BMJ (Clinical research 
ed.). 2007;335:914–6.
 15. Egger M, Davey Smith G, Schneider M, Minder C. Bias in 
meta-analysis detected by a simple graphical test. BMJ (Clinical 
research ed.). 1997;315:629–34.
 16. Ioannidis J. Clarifications on the application and interpretation 
of the test for excess significance and its extensions. J Math Psy-
chol. 2013;57:184–7.
 17. Lubin JH, Gail MH. On power and sample size for study-
ing features of the relative odds of disease. Am J Epidemiol. 
1990;131:552–66.
 18. Ioannidis J. Next-generation systematic reviews: prospective 
meta-analysis, individual-level data, networks and umbrella 
reviews. Br J Sports Med. 2017;51(20):1456–8. https ://doi.
org/10.1136/bjspo rts-2017-09762 1.
 19. Ioannidis JP. Integration of evidence from multiple meta-analy-
ses: a primer on umbrella reviews, treatment networks and multi-
ple treatments meta-analyses. CMAJ. 2009;181(8):488–93. https 
://doi.org/10.1503/cmaj.08108 6.
 20. Li X, Meng X, Timofeeva M, et al. Serum uric acid levels and 
multiple health outcomes: umbrella review of evidence from 
observational studies, randomised controlled trials, and Men-
delian randomisation studies. BMJ (Clinical research ed.). 
2017;357:j2376. https ://doi.org/10.1136/bmj.j2376 .
 21. Shea BJ, Grimshaw JM, Wells GA, et  al. Development of 
AMSTAR: a measurement tool to assess the methodologi-
cal quality of systematic reviews. BMC Med Res Methodol. 
2007;7:10. https ://doi.org/10.1186/1471-2288-7-10.
 22. Swerdlow DI, Kuchenbaecker KB, Shah S, et al. Selecting instru-
ments for Mendelian randomization in the wake of genome-wide 
association studies. Int J Epidemiol. 2016;45(5):1600–16. https 
://doi.org/10.1093/ije/dyw08 8.
 23. Dehghan A, Dupuis J, Barbalic M, et  al. Meta-analysis of 
genome-wide association studies in > 80 000 subjects identi-
fies multiple loci for C-reactive protein levels. Circulation. 
2011;123(7):731–8. https ://doi.org/10.1161/CIRCU LATIO 
NAHA.110.94857 0.
 24. Avram MM, Fein PA, Paluch MM, Schloth T, Chattopadhyay J. 
Association between C-reactive protein and clinical outcomes 
in peritoneal dialysis patients. Adv Perit Dial. Conf Perit Dial. 
2005;21:154–8.
 25. Barron E, Lara J, White M, Mathers JC. Blood-borne biomark-
ers of mortality risk: systematic review of cohort studies. PLoS 
ONE. 2015;10(6):e0127550. https ://doi.org/10.1371/journ 
al.pone.01275 50.
 26. Bibek SB, Xie Y, Gao JJ, Wang Z, Wang JF, Geng DF. Role 
of pre-procedural C-reactive protein level in the prediction of 
major adverse cardiac events in patients undergoing percutane-
ous coronary intervention: a meta-analysisof longitudinal studies. 
Inflammation. 2015;38(1):159–69. https ://doi.org/10.1007/s1075 
3-014-0018-8.
 27. Chan H, Tang YL, Lv XH, et al. Risk factors associated with 
renal involvement in childhood Henoch-Schonlein Purpura: a 
Meta-Analysis. PLoS ONE. 2016;11(11):e0167346. https ://doi.
org/10.1371/journ al.pone.01673 46.
 28. Correia LC, Esteves JP. C-Reactive protein and outcomes in acute 
coronary syndromes: a systematic review and meta-analysis. Arq 
Bras Cardiol. 2011;97(1):76–85.
 29. Dai J, Tang K, Xiao W, et al. Prognostic significance of C-reac-
tive protein in urological cancers: a systematic review and meta-
analysis. Asian Pac J Cancer Prev APJCP. 2014;15(8):3369–75.
 30. Fang Y, Xu C, Wu P, et al. Prognostic role of C-reactive pro-
tein in patients with nasopharyngeal carcinoma: a meta-analysis 
and literature review. Medicine. 2017;96(45):e8463. https ://doi.
org/10.1097/md.00000 00000 00846 3.
 31. Godos J, Biondi A, Galvano F, et al. Markers of systemic inflam-
mation and colorectal adenoma risk: meta-analysis of observa-
tional studies. World J Gastroenterol. 2017;23(10):1909–19. 
https ://doi.org/10.3748/wjg.v23.i10.1909.
 32. Guo L, Liu S, Zhang S, et al. Prognostic role of C-reactive pro-
tein in breast cancer: an updated systematic review and meta-
analysis. Int J Clin Exp Med. 2016;9(9):17715–26.
 33. Guo YZ, Pan L, Du CJ, Ren DQ, Xie XM. Association between 
C-reactive protein and risk of cancer: a meta-analysis of pro-
spective cohort studies. Asian Pac J Cancer Prev APJCP. 
2013;14(1):243–8.
 34. He LP, Tang XY, Ling WH, Chen WQ, Chen YM. Early C-reac-
tive protein in the prediction of long-term outcomes after acute 
coronary syndromes: a meta-analysis of longitudinal studies. 
Heart (British Cardiac Society). 2010;96(5):339–46. https ://doi.
org/10.1136/hrt.2009.17491 2.
 35. Hemingway H, Philipson P, Chen R, et al. Evaluating the qual-
ity of research into a single prognostic biomarker: a systematic 
review and meta-analysis of 83 studies of C-reactive protein in 
stable coronary artery disease. PLoS Med. 2010;7(6):e1000286. 
https ://doi.org/10.1371/journ al.pmed.10002 86.
 36. Herselman M, Esau N, Kruger JM, Labadarios D, Moosa MR. 
Relationship between serum protein and mortality in adults 
on long-term hemodialysis: exhaustive review and meta-anal-
ysis. Nutrition. 2010;26(1):10–32. https ://doi.org/10.1016/j.
nut.2009.07.009.
 37. Hong T, Tan AG, Mitchell P, Wang JJ. A review and meta-analy-
sis of the association between C-reactive protein and age-related 
Global assessment of C-reactive protein and health-related outcomes: an umbrella review of…
1 3
macular degeneration. Surv Ophthalmol. 2011;56(3):184–94. 
https ://doi.org/10.1016/j.survo phtha l.2010.08.007.
 38. Hu Q, Gou Y, Sun C, et al. The prognostic value of C-reac-
tive protein in renal cell carcinoma: a systematic review and 
meta-analysis. Urol Oncol. 2014;32(1):50.e1–8. https ://doi.
org/10.1016/j.urolo nc.2013.07.016.
 39. Huang Y, Feng JF, Liu JS, Chen QX. Prognostic role of serum 
C-reactive protein in esophageal cancer: a systematic review and 
meta-analysis. Ther Clin Risk Manag. 2015;11:89–94. https ://
doi.org/10.2147/tcrm.s7095 4.
 40. Jin X, Beguerie JR, Zhang W, et al. Circulating C reactive pro-
tein in osteoarthritis: a systematic review and meta-analysis. Ann 
Rheum Dis. 2015;74(4):703–10. https ://doi.org/10.1136/annrh 
eumdi s-2013-20449 4.
 41. Emerging Risk Factors Collaboration; Kaptoge S, Di Angelan-
tonio E, Lowe G, et al. C-reactive protein concentration and risk 
of coronary heart disease, stroke, and mortality: an individual 
participant meta-analysis. Lancet. 2010;375(9709):132–40. https 
://doi.org/10.1016/s0140 -6736(09)61717 -7.
 42. Koyama A, O’Brien J, Weuve J, Blacker D, Metti AL, Yaffe K. 
The role of peripheral inflammatory markers in dementia and 
Alzheimer’s disease: a meta-analysis. J Gerontol. Ser A Biol Sci 
Med Sci. 2013;68(4):433–40. https ://doi.org/10.1093/geron a/
gls18 7.
 43. Kunutsor SK, Seidu S, Blom AW, Khunti K, Laukkanen JA. 
Serum C-reactive protein increases the risk of venous thrombo-
embolism: a prospective study and meta-analysis of published 
prospective evidence. Eur J Epidemiol. 2017;32(8):657–67. https 
://doi.org/10.1007/s1065 4-017-0277-4.
 44. Leuzzi G, Galeone C, Gisabella M, et al. Baseline C-reactive 
protein level predicts survival of early-stage lung cancer: evi-
dence from a systematic review and meta-analysis. Tumori. 
2016;102(5):441–9. https ://doi.org/10.5301/tj.50005 22.
 45. Leuzzi G, Galeone C, Taverna F, Suatoni P, Morelli D, 
Pastorino U. C-reactive protein level predicts mortality in 
COPD: a systematic review and meta-analysis. Eur Respir 
Rev. 2017;26(143):160070. https ://doi.org/10.1183/16000 
617.0070-2016.
 46. Li WJ, Chen XM, Nie XY, et al. Cardiac troponin and C-reactive 
protein for predicting all-cause and cardiovascular mortality in 
patients with chronic kidney disease: a meta-analysis. Clinics. 
2015;70(4):301–11. https ://doi.org/10.6061/clini cs/2015(04)14.
 47. Li Y, Zhong X, Cheng G, et al. Hs-CRP and all-cause, cardio-
vascular, and cancer mortality risk: a meta-analysis. Atheroscle-
rosis. 2017;259:75–82. https ://doi.org/10.1016/j.ather oscle rosis 
.2017.02.003.
 48. Liao C, Yu Z, Guo W, et al. Prognostic value of circulating 
inflammatory factors in non-small cell lung cancer: a systematic 
review and meta-analysis. Cancer Biomark Sect A Dis Mark. 
2014;14(6):469–81. https ://doi.org/10.3233/cbm-14042 3.
 49. Liu ZQ, Chu L, Fang JM, et al. Prognostic role of C-reactive 
protein in prostate cancer: a systematic review and meta-
analysis. Asian J Androl. 2014;16(3):467–71. https ://doi.
org/10.4103/1008-682x.12368 6.
 50. Luo Y, Fu SJ, She DL, Xiong HU, Yang LI. Preoperative C-reac-
tive protein as a prognostic predictor for upper tract urothelial 
carcinoma: a systematic review and meta-analysis. Mol Clin 
Oncol. 2015;3(4):924–8. https ://doi.org/10.3892/mco.2015.553.
 51. Maneiro JR, Souto A, Salgado E, Mera A, Gomez-Reino JJ. 
Predictors of response to TNF antagonists in patients with 
ankylosing spondylitis and psoriatic arthritis: systematic review 
and meta-analysis. RMD open. 2015;1(1):e000017. https ://doi.
org/10.1136/rmdop en-2014-00001 7.
 52. Mincu RI, Janosi RA, Vinereanu D, Rassaf T, Totzeck M. Pre-
procedural C-reactive protein predicts outcomes after primary 
percutaneous coronary intervention in patients with ST-elevation 
myocardial infarction a systematic meta-analysis. Sci Rep. 
2017;7:41530. https ://doi.org/10.1038/srep4 1530.
 53. Padayachee L, Rodseth RN, Biccard BM. A meta-analysis of the 
utility of C-reactive protein in predicting early, intermediate-term 
and long term mortality and major adverse cardiac events in vas-
cular surgical patients. Anaesthesia. 2009;64(4):416–24. https ://
doi.org/10.1111/j.1365-2044.2008.05786 .x.
 54. Rocha P, Morgan CJ, Templeton AJ, Pond GR, Naik G, Sonpavde 
G. Prognostic impact of C-reactive protein in metastatic prostate 
cancer: a systematic review and meta-analysis. Oncol Res Treat. 
2014;37(12):772–6. https ://doi.org/10.1159/00036 9545.
 55. Saito I, Maruyama K, Eguchi E. C-reactive protein and cardi-
ovascular disease in East asians: a systematic review.Clinical 
medicine insights. Cardiology. 2014;8(Suppl 3):35–42. https ://
doi.org/10.4137/cmc.s1706 6.
 56. Singh TP, Morris DR, Smith S, Moxon JV, Golledge J. Sys-
tematic review and meta-analysis of the association between 
C-reactive protein and major cardiovascular events in patients 
with peripheral artery disease. Eur J Vasc Endovasc Surg. 
2017;54(2):220–33. https ://doi.org/10.1016/j.ejvs.2017.05.009.
 57. Soysal P, Stubbs B, Lucato P, et al. Inflammation and frailty in 
the elderly: a systematic review and meta-analysis. Ageing Res 
Rev. 2016;31:1–8. https ://doi.org/10.1016/j.arr.2016.08.006.
 58. Wang J, Lee IM, Tworoger SS, et al. Plasma C-reactive protein 
and risk of breast cancer in two prospective studies and a meta-
analysis. Cancer Epidemiol Biomark. 2015;24(8):1199–206. 
https ://doi.org/10.1158/1055-9965.epi-15-0187.
 59. Wang Z, Peng S, Wang A, et al. C-reactive protein is a pre-
dictor of prognosis in renal cell carcinoma patients receiving 
tyrosine kinase inhibitors: a meta-analysis. Clinica chimica acta. 
Int J Clin Chem. 2017;475:178–87. https ://doi.org/10.1016/j.
cca.2017.10.021.
 60. Wei SQ, Fraser W, Luo ZC. Inflammatory cytokines and spon-
taneous preterm birth in asymptomatic women: a systematic 
review. Obstet Gynecol. 2010;116(2 Pt 1):393–401. https ://doi.
org/10.1097/AOG.0b013 e3181 e6dbc 0.
 61. Woo HD, Kim K, Kim J. Association between preoperative 
C-reactive protein level and colorectal cancer survival: a meta-
analysis. Cancer Causes & control: CCC. 2015;26(11):1661–70. 
https ://doi.org/10.1007/s1055 2-015-0663-8.
 62. Wu ZJ, He JL, Wei RQ, et al. C-reactive protein and risk of 
fracture: a systematic review and dose-response meta-analysis 
of prospective cohort studies. Osteoporos Int. 2015;26(1):49–57. 
https ://doi.org/10.1007/s0019 8-014-2826-y.
 63. Xu T, Ke K. C-reactive protein and ischemic stroke risk in gen-
eral population: a dose-response meta-analysis of prospective 
studies. Int J Cardiol. 2015;190:264–7. https ://doi.org/10.1016/j.
ijcar d.2015.04.176.
 64. Yang J, Fan C, Pan L, et al. C-reactive protein plays a marginal 
role in cognitive decline: a systematic review and meta-anal-
ysis. Int J Geriatr Psychiatry. 2015;30(2):156–65. https ://doi.
org/10.1002/gps.4236.
 65. Yo CH, Lee SH, Chang SS, Lee MC, Lee CC. Value of high-sen-
sitivity C-reactive protein assays in predicting atrial fibrillation 
recurrence: a systematic review and meta-analysis. BMJ Open. 
2014;4(2):e004418. https ://doi.org/10.1136/bmjop en-2013-
00441 8.
 66. Yu Q, Yu XF, Zhang SD, Wang HH, Wang HY, Teng LS. 
Prognostic role of C-reactive protein in gastric cancer: a meta-
analysis. Asian Pacific journal of cancer prevention: APJCP. 
2013;14(10):5735–40.
 67. Zeng F, Wei H, Yeoh E, et al. Inflammatory Markers of CRP, IL6, 
TNFalpha, and Soluble TNFR2 and the Risk of Ovarian Can-
cer: a Meta-analysis of Prospective Studies. Cancer Epidemiol 
Biomark Prev. 2016;25(8):1231–9. https ://doi.org/10.1158/1055-
9965.epi-16-0120.
 G. Markozannes et al.
1 3
 68. Zhang X, Liu S, Zhou Y. Circulating levels of C-reactive protein, 
interleukin-6 and tumor necrosis factor-alpha and risk of colorec-
tal adenomas: a meta-analysis. Oncotarget. 2016;7(39):64371–9. 
https ://doi.org/10.18632 /oncot arget .11853 .
 69. Zheng Z, Zhou L, Gao S, Yang Z, Yao J, Zheng S. Prognostic role 
of C-reactive protein in hepatocellular carcinoma: a systematic 
review and meta-analysis. Int J Med Sci. 2013;10(6):653–64. 
https ://doi.org/10.7150/ijms.6050.
 70. Zhou B, Shu B, Yang J, Liu J, Xi T, Xing Y. C-reactive protein, 
interleukin-6 and the risk of colorectal cancer: a meta-analysis. 
Cancer Causes control: CCC. 2014;25(10):1397–405. https ://doi.
org/10.1007/s1055 2-014-0445-8.
 71. Jayedi A, Rahimi K, Bautista LE, Nazarzadeh M, Zargar MS, 
Shab-Bidar S. Inflammation markers and risk of developing 
hypertension: a meta-analysis of cohort studies. Heart (British 
Cardiac Society). 2019;105(9):686–92. https ://doi.org/10.1136/
heart jnl-2018-31421 6.
 72. Li W, Luo X, Liu Z, Chen Y, Li Z. Prognostic value of C-reactive 
protein levels in patients with bone neoplasms: a meta-analysis. 
PLoS ONE. 2018;13(4):e0195769. https ://doi.org/10.1371/journ 
al.pone.01957 69.
 73. Qin W, Yuan Q, Wu J, Yu H, Wang Y, Chen Q. Prognostic value 
of pre-therapy C-reactive protein level in diffuse large B-cell lym-
phoma: a meta-analysis. Leukemia lymphoma. 2019;60(2):358–
66. https ://doi.org/10.1080/10428 194.2018.14825 40.
 74. Tian R, Tian M, Wang L, et al. C-reactive protein for predict-
ing cardiovascular and all-cause mortality in type 2 diabetic 
patients: a meta-analysis. Cytokine. 2019;117:59–64. https ://
doi.org/10.1016/j.cyto.2019.02.005.
 75. Wu P, Liang W, Chen X, et al. Pretransplant C-reactive pro-
tein as a prognostic marker in allogeneic stem cell trans-
plantation: a PRISMA-compliant meta-analysis. Medicine. 
2019;98(8):e14474. https ://doi.org/10.1097/md.00000 00000 
01447 4.
 76. Yu B, Yang P, Xu X, Shao L. C-reactive protein for predict-
ing all-cause mortality in patients with acute ischemic stroke: a 
meta-analysis. Biosci Rep. 2019;39(2):BSR20181135. https ://
doi.org/10.1042/bsr20 18113 5.
 77. Chen J, Jing X, Deng X, et al. Prognostic value of serum C-reac-
tive protein in pancreatic cancer: a meta-analysis. Int J Clin Exp 
Med. 2018;11(11):11789–96.
 78. He LP, Tang XY, Ling WH, Chen WQ, Chen YM. Early C-reac-
tive protein in the prediction of long-term outcomes after acute 
coronary syndromes: a meta-analysis of longitudinal studies. 
Heart (British Cardiac Society). 2010;96(5):339–46
 79. Davey Smith G, Lawlor DA, Harbord R, et al. Association of 
C-reactive protein with blood pressure and hypertension: life 
course confounding and Mendelian randomization tests of cau-
sality. Arterioscler Thromb Vasc Biol. 2005;25(5):1051–6. https 
://doi.org/10.1161/01.ATV.00001 60351 .95181 .d0.
 80. Timpson NJ, Lawlor DA, Harbord RM, et al. C-reactive protein 
and its role in metabolic syndrome: mendelian randomisation 
study. Lancet. 2005;366(9501):1954–9. https ://doi.org/10.1016/
S0140 -6736(05)67786 -0.
 81. Casas JP, Shah T, Cooper J, et al. Insight into the nature of the 
CRP-coronary event association using Mendelian randomization. 
Int J Epidemiol. 2006;35(4):922–31. https ://doi.org/10.1093/ije/
dyl04 1.
 82. Kivimaki M, Lawlor DA, Eklund C, et al. Mendelian randomiza-
tion suggests no causal association between C-reactive protein 
and carotid intima-media thickness in the young Finns study. 
Arterioscler Thromb Vasc Biol. 2007;27(4):978–9. https ://doi.
org/10.1161/01.ATV.00002 58869 .48076 .14.
 83. Viikari LA, Huupponen RK, Viikari JS, et  al. Relationship 
between leptin and C-reactive protein in young Finnish adults. 
J Clin Endocrinol Metab. 2007;92(12):4753–8. https ://doi.
org/10.1210/jc.2007-0103.
 84. Sunyer J, Pistelli R, Plana E, et al. Systemic inflammation, genetic 
susceptibility and lung function. Eur Respir J. 2008;32(1):92–7. 
https ://doi.org/10.1183/09031 936.00052 507.
 85. Brunner EJ, Kivimaki M, Witte DR, et al. Inflammation, insulin 
resistance, and diabetes–Mendelian randomization using CRP 
haplotypes points upstream. PLoS Med. 2008;5(8):e155. https 
://doi.org/10.1371/journ al.pmed.00501 55.
 86. Kivimaki M, Lawlor DA, Smith GD, et al. Does high C-reactive 
protein concentration increase atherosclerosis? the Whitehall II 
Study. PLoS ONE. 2008;3(8):e3013. https ://doi.org/10.1371/
journ al.pone.00030 13.
 87. Lawlor DA, Harbord RM, Timpson NJ, et al. The association 
of C-reactive protein and CRP genotype with coronary heart 
disease: findings from five studies with 4,610 cases amongst 
18,637 participants. PLoS ONE. 2008;3(8):e3011. https ://doi.
org/10.1371/journ al.pone.00030 11.
 88. Rafiq S, Melzer D, Weedon MN, et al. Gene variants influenc-
ing measures of inflammation or predisposing to autoimmune 
and inflammatory diseases are not associated with the risk of 
type 2 diabetes. Diabetologia. 2008;51(12):2205–13. https ://doi.
org/10.1007/s0012 5-008-1160-3.
 89. Elliott P, Chambers JC, Zhang W, et al. Genetic Loci associ-
ated with C-reactive protein levels and risk of coronary heart 
disease. JAMA. 2009;302(1):37–48. https ://doi.org/10.1001/
jama.2009.954.
 90. Bochud M, Marquant F, Marques-Vidal PM, et al. Association 
between C-reactive protein and adiposity in women. J Clin Endo-
crinol Metab. 2009;94(10):3969–77. https ://doi.org/10.1210/
jc.2008-2428.
 91. Allin KH, Nordestgaard BG, Zacho J, Tybjaerg-Hansen A, 
Bojesen SE. C-reactive protein and the risk of cancer: a mende-
lian randomization study. J Natl Cancer Inst. 2010;102(3):202–6. 
https ://doi.org/10.1093/jnci/djp45 9.
 92. Zacho J, Tybjaerg-Hansen A, Nordestgaard BG. C-reactive pro-
tein and all-cause mortality–the Copenhagen City Heart Study. 
Eur Heart J. 2010;31(13):1624–32. https ://doi.org/10.1093/eurhe 
artj/ehq10 3.
 93. Zacho J, Tybjaerg-Hansen A, Nordestgaard BG. C-reactive pro-
tein and risk of venous thromboembolism in the general popula-
tion. Arterioscler Thromb Vasc Biol. 2010;30(8):1672–8. https 
://doi.org/10.1161/ATVBA HA.109.19847 3.
 94. Timpson NJ, Nordestgaard BG, Harbord RM, et  al. (2011) 
C-reactive protein levels and body mass index: elucidating direc-
tion of causation through reciprocal Mendelian randomization. 
Int J Obes (2005). 2011;35(2):300–8. https ://doi.org/10.1038/
ijo.2010.137.
 95. Heikkila K, Silander K, Salomaa V, et al. C-reactive protein-asso-
ciated genetic variants and cancer risk: findings from FINRISK 
1992, FINRISK 1997 and Health 2000 studies. Eur J Cancer. 
2011;47(3):404–12. https ://doi.org/10.1016/j.ejca.2010.07.032.
 96. Marott SC, Nordestgaard BG, Zacho J, et al. Does elevated 
C-reactive protein increase atrial fibrillation risk? A Mendelian 
randomization of 47,000 individuals from the general popu-
lation. J Am Coll Cardiol. 2010;56(10):789–95. https ://doi.
org/10.1016/j.jacc.2010.02.066.
 97. Dahl M, Vestbo J, Zacho J, Lange P, Tybjaerg-Hansen A, Nor-
destgaard BG. C reactive protein and chronic obstructive pul-
monary disease: a Mendelian randomisation approach. Thorax. 
2011;66(3):197–204. https ://doi.org/10.1136/thx.2009.13119 3.
 98. Bolton CE, Schumacher W, Cockcroft JR, et  al. The CRP 
genotype, serum levels and lung function in men: the Caer-
philly prospective study. Clin Sci (London, England: 1979). 
2011;120(8):347–55. https ://doi.org/10.1042/cs201 00504 .
Global assessment of C-reactive protein and health-related outcomes: an umbrella review of…
1 3
 99. Collaboration CRPCHDG, Wensley F, Gao P, et al. Association 
between C reactive protein and coronary heart disease: men-
delian randomisation analysis based on individual participant 
data. BMJ (Clinical research ed.). 2011;342:d548. https ://doi.
org/10.1136/bmj.d548.
 100. Varbo A, Benn M, Tybjaerg-Hansen A, Nordestgaard BG. 
Elevated remnant cholesterol causes both low-grade inflamma-
tion and ischemic heart disease, whereas elevated low-density 
lipoprotein cholesterol causes ischemic heart disease without 
inflammation. Circulation. 2013;128(12):1298–309. https ://doi.
org/10.1161/CIRCU LATIO NAHA.113.00300 8.
 101. Wium-Andersen MK, Orsted DD, Nordestgaard BG. Elevated 
C-reactive protein associated with late- and very-late-onset 
schizophrenia in the general population: a prospective study. 
Schizophr Bull. 2014;40(5):1117–27. https ://doi.org/10.1093/
schbu l/sbt12 0.
 102. Wium-Andersen MK, Orsted DD, Nordestgaard BG. Ele-
vated C-reactive protein, depression, somatic diseases, and 
all-cause mortality: a mendelian randomization study. Biol 
Psychiat. 2014;76(3):249–57. https ://doi.org/10.1016/j.biops 
ych.2013.10.009.
 103. Oei L, Campos-Obando N, Dehghan A, et al. Dissecting the 
relationship between high-sensitivity serum C-reactive pro-
tein and increased fracture risk: the Rotterdam study. Osteo-
por Int. 2014;25(4):1247–54. https ://doi.org/10.1007/s0019 
8-013-2578-0.
 104. Rode L, Nordestgaard BG, Weischer M, Bojesen SE. Increased 
body mass index, elevated C-reactive protein, and short telomere 
length. J Clin Endocrinol Metab. 2014;99(9):E1671–5. https ://
doi.org/10.1210/jc.2014-1161.
 105. Nimptsch K, Aleksandrova K, Boeing H, et  al. Associa-
tion of CRP genetic variants with blood concentrations of 
C-reactive protein and colorectal cancer risk. Int J Cancer. 
2015;136(5):1181–92. https ://doi.org/10.1002/ijc.29086 .
 106. Wium-Andersen MK, Orsted DD, Nordestgaard BG. Elevated 
C-reactive protein and late-onset bipolar disorder in 78 809 indi-
viduals from the general population. Br J psychiatry J mental Sci. 
2016;208(2):138–45. https ://doi.org/10.1192/bjp.bp.114.15087 0.
 107. Prins BP, Abbasi A, Wong A, et al. Investigating the causal 
relationship of C-reactive protein with 32 complex somatic and 
psychiatric outcomes: a large-scale cross-consortium mendelian 
randomization study. PLoS medicine. 2016;13(6):e1001976. 
https ://doi.org/10.1371/journ al.pmed.10019 76.
 108. Huang JV, Schooling CM. Inflammation and bone mineral den-
sity: a Mendelian randomization study. Sci Rep. 2017;7(1):8666. 
https ://doi.org/10.1038/s4159 8-017-09080 -w.
 109. Hartwig FP, Borges MC, Horta BL, Bowden J, Davey Smith 
G. Inflammatory biomarkers and risk of Schizophrenia: a 
2-sample Mendelian randomization study. JAMA Psychiatry. 
2017;74(12):1226–33. https ://doi.org/10.1001/jamap sychi 
atry.2017.3191.
 110. Larsson SC, Traylor M, Malik R, et al. Modifiable pathways in 
Alzheimer’s disease: mendelian randomisation analysis. BMJ 
(Clinical research ed.). 2017;359:j5375. https ://doi.org/10.1136/
bmj.j5375 .
 111. Noordam R, Oudt CH, Bos MM, Smit RAJ, van Heemst D. 
High-sensitivity C-reactive protein, low-grade systemic inflam-
mation and type 2 diabetes mellitus: a two-sample Mendelian 
randomization study. Nutr Metab Cardiovasc Dis. 2018. https ://
doi.org/10.1016/j.numec d.2018.03.008.
 112. Qin XY, Juan J, Xiang X, et al. Plasma C-reactive protein and 
abdominal aortic aneurysm: a mendelian randomization Anal-
ysis. Chin Med J (Engl). 2018;131(21):2630–3. https ://doi.
org/10.4103/0366-6999.24412 4.
 113. Ligthart S, Vaez A, Vosa U, et al. Genome analyses of > 200,000 
individuals identify 58 loci for chronic inflammation and 
highlight pathways that link inflammation and complex dis-
orders. Am J Hum Genet. 2018;103(5):691–706. https ://doi.
org/10.1016/j.ajhg.2018.09.009.
 114. Wang X, Dai JY, Albanes D, et al. Mendelian randomization 
analysis of C-reactive protein on colorectal cancer risk. Int J 
Epidemiol. 2018. https ://doi.org/10.1093/ije/dyy24 4.
 115. Cheng L, Zhuang H, Yang S, Jiang H, Wang S, Zhang J. Expos-
ing the causal effect of C-reactive protein on the risk of type 
2 diabetes Mellitus: a Mendelian randomization study. Front 
Genet. 2018;9:657. https ://doi.org/10.3389/fgene .2018.00657 .
 116. Baniyash M, Sade-Feldman M, Kanterman J. Chronic inflamma-
tion and cancer: suppressing the suppressors. Cancer Immunol 
immunother CII. 2014;63(1):11–20. https ://doi.org/10.1007/
s0026 2-013-1468-9.
 117. Shacter E, Weitzman SA. Chronic inflammation and cancer. 
Oncology. 2002;16(2):217–226, 29 (discussion 30-2).
 118. Colotta F, Allavena P, Sica A, Garlanda C, Mantovani A. Cancer-
related inflammation, the seventh hallmark of cancer: links to 
genetic instability. Carcinogenesis. 2009;30(7):1073–81. https 
://doi.org/10.1093/carci n/bgp12 7.
 119. de Martel C, Ferlay J, Franceschi S, et al. Global burden of 
cancers attributable to infections in 2008: a review and syn-
thetic analysis. Lancet Oncol. 2012;13(6):607–15. https ://doi.
org/10.1016/s1470 -2045(12)70137 -7.
 120. Ridker PM, Luscher TF. Anti-inflammatory therapies for cardio-
vascular disease. Eur Heart J. 2014;35(27):1782–91. https ://doi.
org/10.1093/eurhe artj/ehu20 3.
 121. Tzoulaki I, Siontis KC, Evangelou E, Ioannidis JP. Bias in asso-
ciations of emerging biomarkers with cardiovascular disease. 
JAMA Int Med. 2013;173(8):664–71. https ://doi.org/10.1001/
jamai ntern med.2013.3018.
 122. Tzoulaki I, Siontis KC, Ioannidis JP. Prognostic effect size of 
cardiovascular biomarkers in datasets from observational studies 
versus randomised trials: meta-epidemiology study. BMJ (Clini-
cal research ed.). 2011;343:d6829. https ://doi.org/10.1136/bmj.
d6829 .
 123. Tzoulaki I, Liberopoulos G, Ioannidis JP. Assessment of 
claims of improved prediction beyond the Framingham risk 
score. JAMA. 2009;302(21):2345–52. https ://doi.org/10.1001/
jama.2009.1757.
 124. Force USPST, Bibbins-Domingo K, Grossman DC, et al. Sta-
tin use for the primary prevention of cardiovascular disease in 
adults: US preventive services task force recommendation state-
ment. JAMA. 2016;316(19):1997–2007. https ://doi.org/10.1001/
jama.2016.15450 .
 125. Back M, Hansson GK. Anti-inflammatory therapies for ath-
erosclerosis. Nat Rev Cardiol. 2015;12(4):199–211. https ://doi.
org/10.1038/nrcar dio.2015.5.
 126. Pinto-Plata VM, Mullerova H, Toso JF, et al. C-reactive protein 
in patients with COPD, control smokers and non-smokers. Tho-
rax. 2006;61(1):23–8. https ://doi.org/10.1136/thx.2005.04220 0.
 127. Donaldson GC, Seemungal TA, Patel IS, et al. Airway and sys-
temic inflammation and decline in lung function in patients with 
COPD. Chest. 2005;128(4):1995–2004. https ://doi.org/10.1378/
chest .128.4.1995.
 128. Gan WQ, Man SF, Senthilselvan A, Sin DD. Association 
between chronic obstructive pulmonary disease and systemic 
inflammation: a systematic review and a meta-analysis. Thorax. 
2004;59(7):574–80.
 129. Fernandes BS, Steiner J, Bernstein HG, et al. C-reactive protein 
is increased in schizophrenia but is not altered by antipsychotics: 
meta-analysis and implications. Mol Psychiatry. 2016;21(4):554–
64. https ://doi.org/10.1038/mp.2015.87.
 130. Fond G, Lancon C, Auquier P, Boyer L. C-reactive protein as a 
peripheral biomarker in Schizophrenia. An updated systematic 
 G. Markozannes et al.
1 3
review. Front Psychiatry. 2018;9:392. https ://doi.org/10.3389/
fpsyt .2018.00392 .
 131. Lin BD, Alkema A, Peters T, et  al. Assessing causal links 
between metabolic traits, inflammation and schizophrenia: a 
univariable and multivariable, bidirectional Mendelian-rand-
omization study. Int J Epidemiol. 2019. https ://doi.org/10.1093/
ije/dyz17 6.
 132. Burgess S, Timpson NJ, Ebrahim S, Davey Smith G. Mendelian 
randomization: where are we now and where are we going? Int J 
Epidemiol. 2015;44(2):379–88. https ://doi.org/10.1093/ije/dyv10 8.
 133. Ligthart S, de Vries PS, Uitterlinden AG, et al. Pleiotropy among 
common genetic loci identified for cardiometabolic disorders and 
C-reactive protein. PLoS ONE. 2015;10(3):e0118859. https ://
doi.org/10.1371/journ al.pone.01188 59.
 134. Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennek-
ens CH. Inflammation, aspirin, and the risk of cardiovascu-
lar disease in apparently healthy men. New England J Med. 
1997;336(14):973–9. https ://doi.org/10.1056/nejm1 99704 
03336 1401.
Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.
